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1 Introdution
The review of possible stimulation mehanisms of LENR (low energy nulear reation) is pre-
sented in [2℄. We have onluded that transmutation of nulei at low energies and exess heat
are possible in the framework of the known fundamental physial laws  the universal resonane
synhronization priniple [1℄, and different enhanement mehanisms of reation rates based on
it are responsible for these proesses [2℄. The superlow energy of external fields, the exitation
and ionization of atoms may play the role of a trigger for LENR. Superlow energy of external
fields may stimulate LENR [3℄. We bring strong arguments that the ooperative mehanism
is responsible for explanation of how the eletron volt world an influene the nulear mega
eletron volt world [3℄. Nulear physiists are absolutely sure that this is annot happen. Inves-
tigation of this phenomenon requires the knowledge of different branhes of siene: nulear and
atomi physis, hemistry and eletrohemistry, ondensed matter and solid state physis,...
The puzzle of poor reproduibility of experimental data is the fat that LENR ours in open
systems and it is extremely sensitive to parameters of external fields and systems. The lassial
reproduibility priniple should be reonsidered for LENR experiments. Poor reproduibility
and unexplained results do not mean that the experiment is wrong. Our main onlusion is:
LENR may be understood in terms of the known fundamental laws without any violation of
basi physis. The fundamental laws of physis should be the same in miro- and marosystems.
Let us start with the desription of the hydrogen atom struture in different models.
1.1 The Hydrogen Atom
We will desribe very shortly the struture of a hydrogen atom using standard basi physis
that is well established, both theoretially and experemintally in miro- and marosystems.
1.2 The Bohr Model
At the end of the 19th entury it was established that the radiation from hydrogen was emitted
at speifi quantized frequenies. Niels Bohr developed the model to explain this radiation using
four postulates:
1. An eletron in an atom moves in a irular orbit about the nuleus under the influene
of the Coulomb attration between the eletron and the nuleus, obeying the laws of lassial
mehanis.
2. Instead of the infinity of orbits whih would be possible in lassial mehanis, it is only
possible for an eletron to move in an orbit for whih its orbital angular momentum L is integral
multiple of ~:
L = n~, n = 1, 2, 3, . . . (1)
3. Despite the fat that it is onstantly aelerating, an eletron moving in suh an allowed
orbit does not radiate eletromagneti energy. Thus, its total energy E remains onstant.
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4. Eletromagneti radiation is emitted if an eletron, initially moving in an orbit of total
energy Ei, disontinuously hanges its motion so that it moves in an orbit of total energy Ef .
The frequeny ν of the emitted radiation is equal to the quantity
νif =
Ei − Ef
h
, (2)
where h is Plank's onstant. The eletron is held in a stable irular orbit around a nuleus.
The Coulomb fore is equal to the entripetal fore, aording to Newton's seond law
e2
r2
=
mv2
r
, (3)
where r is is the radius of the eletron orbit, and v is the eletron speed. The fore is entral;
hene from the quantization ondition (1) we have
L =| ~r ∗ ~p |= mvr = n~. (4)
After solving equations (3) and (4) we have
v =
e2
n~
, r =
n2~2
me2
= n2a0. (5)
Following equation (3) the kineti energy is equal to
Ek =
1
2
mv2 =
e2
2r
, (6)
and hene the total energy is
E = Ek + V =
e2
2r
−
e2
r
= −
e2
2r
. (7)
Having r from equation (5) one an write the expression for the energy levels for hydrogen
atoms
E = −
me4
2~2n2
; (8)
the same results were further obtained by quantum mehanis.
Using the angular momentum quantization ondition L = pr = nh/2π and Louis de
Broglie's relationship p = h/λ between momentum and wavelength one an get
2πr = nλ. (9)
⊗ It means that the irular Bohr orbit is an integral number of the de Broglie wavelengths.
The Bohr model is atually only aurate for a one-eletron system.
1.3 The Hydrogen Atom in Classial Mehanis
Is it possible to understand some properties of a hydrogen atom from lassial mehanis ? The
Hamiltonian for a hydrogen atom is
H =
mp ~˙rp
2
2
+
me ~˙re
2
2
−
e2
| ~rp − ~re |
. (10)
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All notation is standard. The definition of the enter of mass is
mp~rp +me~re = 0, (11)
and the relative distane between eletron and proton is
~r = ~rp − ~re. (12)
Equations (10)-(12) lead to the results:
~rp =
me
mp +me
~r, ~re = −
mp
mp +me
~r, (13)
H =
µ~˙r 2
2
−
e2
r
, (14)
where
µ =
mpme
mp +me
. (15)
The Hamiltonian (14) oinides with the Hamiltonian for the fititious material point with
redued mass µ moving in the external field −e2/r. If we known the trajetory of this fititious
partile ~r = ~r(t) then we an reonstrut the trajetories of eletron and proton using equations
(13)
~rp(t) =
me
mp +me
~r(t), ~re(t) = −
mp
mp +me
~r(t). (16)
It is evident from (16) that the proton and eletron move in the opposite diretions syn-
hronously. So the motions of proton, eletron and their relative motion our with equal
frequeny
ωp = ωe = ωµ, (17)
over the losed trajetories saling by the ratio
ve
vp
=
mp
me
,
ve
vµ
=
mµ
me
,
vµ
vp
=
mp
mµ
. (18)
I.A. Shelaev [6℄ proved that the frequeny spetrum of any motion on ellipse ontains only
one harmoni.
We an get from (16) that
~Pp = ~P , ~Pe = −~P , (18a)
where 
~Pi = mi~˙ri. All three impulses are equal to eah other in absolute value, whih
means the equality of
λD(p) = λD(e) = λD(µ) = h/P. (19)
Conlusion:
⊗ Therefore, the motions of proton and eletron and their relative motion our with the
same FREQUENCY, IMPULSE (linear momentum) and the de Broglie WAVELENGTH. All
motions are synhronized and self-sustained. Therefore, the whole system -hydrogen atom is
nondeomposable to the independent motions of proton and eletron despite the fat that the
kineti energy ratio of eletron to proton is small:
3
Ek(e)
Ek(p)
= 4.46 ∗ 10−4.
It means that the nulear and the orresponding atomi proesses must be onsidered as a
unied entirely determined whole proess.
For example, V.F. Weisskopf [8℄ ame to the onlusion that the maximum height H of
mountains in terms of the Bohr radius a is equal to
H
a
= 2.6 ∗ 1014,
and water wave lengths λ on the surfae of a lake in terms of the Bohr radius is equal to
λ
a
≈ 2π ∗ 107.
Let us introdue the quantity f = rv whih is the invariant of motion, aording to the
seond Keplers law, then
µv =
µvr
r
=
µf
r
, (20)
and we an rewrite equation (14) in the following way:
H =
µf 2
2r2
−
e2
r
. (21)
We an obtain the minimal value of (21) by taking its first derivative over r and setting it
equal to zero. The minimal value ours at
r0 =
µf 2
e2
, (22)
and the result is
Hmin = Emin = −
e4
2µf 2
. (23)
The values of invariant of motion µf (in MeV*s) an be alulate from (23) if we require
the equality of Emin to the energy of the ground state of a hydrogen atom
µf = µvr = 6.582118 ∗ 10−22 = ~, (24)
Conlusion:
⊗ The Bohr quantization onditions were introdued as a hypothesis. We obtain these
onditions from a lassial Hamiltonian requiring its minimality. It is neessary to strongly stress
that no assumption was formulated about trajetories of proton and eletron. We reprodued
exatly the Bohr result and modern quantum theory. The Plank onstant ~ is the Erenfest
adiabati invariant for a hydrogen atom: µvr = ~.
Let us briefly review our steps:
• We used a well established interation between proton and eletron.
• We used a fundamental fat that the total energy=kineti energy+potential energy.
• We used the seond Kepler law.
• We used usual alulus to determine the minimum values of H .
• We required the equality of Emin to the energy of the ground state of hydrogen atom.
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Classial Hamiltonian + lassial interation between proton and eletron + lassial se-
ond Kepler law + standard variational alulus  these well established steps in marophysis
reprodue exatly results of the Bohr model and modern quantum theory (Shrodinger equa-
tion)  results of mirophysis. We have not done anything spetaular or appealed to any
revolutionary and breakthrough physis.
Using the Newton equation with well established interations M. Gryzinski [7℄ proved that
atoms have the quasi-rystal struture with definite angles: 90◦, 109◦ and 120◦, whih are the
well-known angles in rystallography.
2 Nulei and Atoms as Open Systems
1) LENR may be understood in terms of the known fundamental laws without any violation of
the basi physis. The fundamental laws of physis should be the same in miro- and marosys-
tems.
2)Weak and eletromagneti interations may show a strong influene of the surrounding
onditions on the nulear proesses.
3)The onservation laws are valid for losed systems. Therefore, the failure of parity in
weak interations means that the orresponding systems are open systems. Periodi variations
(24 hours, 27, and 365 days in beta-deay rates indiate that the failure of parity in weak
interations has a osmophysial origin. Modern quantum theory is the theory for losed
systems. Therefore, it should be reformulated for open systems. The losed systems are
idealization of nature, they do not exist in reality.
4)The universal resonane synhronization priniple is a key issue to make a bridge between
various sales of interations and it is responsible for self-organization of hierarhial systems
independent of substane, fields, and interations. We give some arguments in favor of the
mehanism  ORDER BASED on ORDER, delared by Shrodinger in [4℄, a fundamental
problem of ontemporary siene.
5)The universal resonane synhronization priniple beame a fruitful interdisiplinary
siene of general laws of self-organized proesses in different branhes of physis beause it
is the onsequene of the energy onservation law and resonane harater of any interation
between wave systems. We have proved the homology of atom, moleule and rystal strutures
inluding living ells. Distanes of these systems are ommensurable with the de Broglie wave
length of an eletron in the ground state of a hydrogen atom, it plays the role of the standard
distane, for omparison.
6)First of all, the struture of a hydrogen atom should be established. Proton and
eletron in a hydrogen atom move with the same frequeny that reates attrative fores
between them, their motions are synhronized. A hydrogen atom represents the radiating
and aepting antennas (dipole) interhanging energies with the surrounding substane.
The sum of radiate and absorb energy flows by eletron and proton in a stable orbit is
equal to zero [5℄  the seret of suess of the Bohr model (nonradiation of the eletron
on stable orbit). The greatness of mountains, the finger sized drop, the shiver of a lake,
and the smallness of an atom are all related by simple laws of nature  Vitor F. Weisskopf [8℄.
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7)These flows reated standing waves due to the resonane synhronization priniple.
A onstant energy exhange with substanes (with universes) reate stable auto-osillation
systems in whih the frequenies of external fields and all subsystems are ommensurable. The
relit radiation (the relit isotropi standing waves at T=2.725 K  the Cosmi Mirowave
Bakground Radiation (CMBR)) and many isotropi standing waves in osmi medium
[9℄ should be results of self-organization of the stable hydrogen atoms, aording to the
universal resonane synhronization priniple that is a onsequene of the fundamental energy
onservation law. One of the fundamental preditions of the Hot Big Bang theory for the
reation of the Universe is CMBR.
8)The osmi isotropi standing waves (many of them are not disovered yet) should play
the role of a ondutor responsible for stability of elementary partiles, nulei, atoms,. . . ,
galaxies ranging in size more than 55 orders of magnitude.
9)The phase veloity of standing mirowaves an be extremely high; therefore, all objets of
the Universe should get information from eah other almost immediately using phase veloity.
The aim of this paper is to disuss the possibility of induing and ontrolling nulear re-
ations at low temperatures and pressures by using different low energy external fields and
various physial and hemial proesses. The main question is the following: is it possible to
enhane LENR rates by using low and extremely low energy external fields? The review of pos-
sible stimulation mehanisms is presented in [2, 5℄. We will disuss new possibilities to enhane
LENR rates in ondensed matter.
3 LENR in Condensed Matter
The modern understanding of the deay of the neutron is
n→ p + e− + νe. (25)
The energetis of the deay an be analyzed using the onept of binding energy and the
masses of partiles by their rest mass energies. The energy balane from neutron deay an be
alulated from the partile masses. The rest mass differene ( 0.7823MeV/c2) between neutron
and (proton+eletron) is onverted to the kineti energy of proton, eletron, and neutrino. The
neutron is about 0.2% more massive than a proton, an mass differene is 1.29 MeV . A free
neutron will deay with a half-life of about 10.3 minutes. Neutron in a nuleus will deay if a
more stable nuleus results; otherwise neutron in a nuleus will be stable. A half-life of neutron
in nulei hanges dramatially and depends on the isotopes.
The apture of eletrons by protons
p + e− → n+ νe, (26)
but for free protons and eletrons this reation has never been observed whih is the ase in
nulear+ atomi physis. The apture of eletrons by protons in a nuleus will ours if a more
stable nuleus results.
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3.1 Cooperative Proesses
The proesses (25) and (26) in LENR are going with individual nuleons and eletrons. In
these ases the rest mass differene is equal to 0.7823MeV/c2. In the ase of neutron deay the
orresponding energy (Q = 0.7823 MeV) onverted to kineti energies of proton, eletron, and
antineutrino. In the ase of the apture of eletrons by protons the quantity Q = 0.7823 MeV
is a threshold eletron kineti energy under whih the proess (26) is forbidden for free proton
and eletron.
We have formulated the following postulate:
⊗ The proesses (25) and (26) in LENR are going in the whole system: ooperative proesses
inluding all nuleons in nulei and eletrons in atoms, in ondensed matter. In these ases a
threshold energy Q an be drastially dereased by internal energy of the whole system or even
more  the eletron apture by proton an be aompanied by emission of internal binding
energy - main soure of exess heat phenomenon in LENR.
The proesses (25) and (26) are weak proesses. A weak interation whih is responsible for
eletron apture and other forms of beta deay is of a very short range. So the rate of eletron
apture and emission (internal onversion) is proportional to the density of eletrons in nulei.
It means that we an manage the eletron-apture (emission) rate by the hange of the total
eletron density in the nulei using different low energy external fields. These fields
an play a role of triggers for extrating internal energy of the whole system or subsystems,
hanging quantum numbers of the initial states in suh a way that forbidden transitions beome
allowed ones. The distanes between proton and eletron in atoms are of the order 10−6−−10−5
m and any external field dereasing these distanes even for a small value an inrease the
proess (26) in nulei in an exponential way. Therefore, the influene of an external eletron
flux (disharge in ondensed matter: breakdown, spark and ark) on the veloity proesses (25)
and (26) an be of great importane.
The role of external eletrons is the same as the atalyti role of neutrons in the ase of
the hain fission reations in nulei  neutrons bring to nulei binding energies (about 8 MeV)
whih enhane the fission rates by about 30 orders.
4 Predited Effets and Experimentum Cruies
Postulated enhanement mehanism of LENR by external fields an be verified by the Expri-
mentum Cruies. We [5℄ predited that natural geo-transmutation in the atmosphere and earth
our in the the regions of a strong hange in geo-, bio-, aousti-,... and eletromagneti fields.
Various eletrodynami proesses at thunderstorms are responsible for different phenomena:
eletromagneti pulses, γ-rays, eletron fluxes, neutron fluxes, and radioative nulei fluxes.
4.1 Neutron Prodution by Thunderstorms
The authors of [15℄ onluded that a neutron burst is assoiated with lighting. The total number
of neutrons produed by one typial lightning disharge was estimated as 2.5 ∗ 1010.
4.2 Prodution of Radioarbon and Failing of Radioarbon Dating
The radioarbon dating is based on the deay rate of radioative isotope
14C whih is believed
to be onstant irrespetive of the physial and hemial onditions. The half-life of radioarbon
14C is 5730 years. A method for historial hronometry was developed assuming that the deay
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ratio of
14C and its formation are onstant in time. It was postulated that 14C is formed only
by the osmi ray neutrons
14N(n, p)14C. (27)
Radioarbon dating is widely used in arheology, geology, antiquities,... There are over 130
radioarbon dating laboratories. The radioarbon method of dating was developed by Willard
F. Libby who was awarded the Nobel prize in Chemistry for 1960.
The radioarbon method does not take into aount the following fats whih have been
established reently:
⊗ The neutron prodution by thunderstorms [15℄
⊗ The Prodution of radioarbon by lighting bolts [13℄.
Let us onsider the reation
14
7
N + e− →14
6
C + νe, (27a)
Tk(e)=156.41 keV is the threshold energy whih should by ompared with 782.3 keV for proess
(26). Prodution of radioarbon by lighting bolts was established in [13℄. Unfortunately, this
means FAILING of RADIOCARBON DATING.
4.3 Prodution Radiophosphorus by Thunderstorms
The life-times of
32
15
P and 3315P are equal to 14.36 and 25.34 days, respetively. They were found
in rain-water after thunderstorms [12℄. Prodution of the radiophosphorus by thunderstorms
an be understood in the following way:
32
16
S + e− →32
15
P + νe, (28)
33
16
S + e− →33
15
P + νe, (29)
thresholds of these proesses are equal to 1.710 and 0.240 MeV, respetively. The preipitation of
MeV eletrons from the inner radiation belt [14℄ and enhanement of the proesses by lightning
are possible.
4.4 LENR Stimulated by Condensed Matter Disharge
Let us onsider the ondensed matter disharge (breakdown, spark and ar) using the different
eletrode. There are the following proesses:
1. The eletrode is Ni. Orbital or external eletron apture
58
28
Ni(68.27%) + e− →58
27
Co(70.78 days) + νe, (30)
The threshold Q1 = 0.37766 keV of this reation on Ni should be ompared with the
threshold Q2 = 0.7823 energy for eletron apture by free protons: Q2/Q1 ≈ 2. The veloity of
orbital eletron apture an be enhaned by the disharge.
2.Orbital or external eletron apture
58
27
Co(70.78 days) + e− →58
26
Fe(0.28%) + νe, (31)
with emission of energy Q2 = 2.30408 MeV.
8
3. Double orbital or external eletron apture
58
28
Ni(68.27%) + 2e− →58
26
Fe(0.28%) + 2νe, (32)
with emission of energy Q3 = 1.92642 mostly by neutrinos.
The proposed ooperative mehanism of LENR in this ase an be proved in an extremely
simple way: presene of radioative
58
27
Co and enrihed isotope of 58
26
Fe.
⊗ This mehanism an give possibilities to get a way of ontrolling the neessary isotopes
and exess heat.
4.5 Neutrinoless Double Beta Deay
As we known [2℄, the physial roles of eletron and neutrino for LENR in ondensed matter
has not been investigated in detail up to now despite the fat that weak proesses in nulei are
well understood. The double beta deay is the rarest spontaneous nulear transition,in whih
the nulear harge hanges by two units while the mass number remains the same. Suh a ase
an our for the isobari triplet A(Z,N), A(Z ± 1, N ∓ 1), A(Z ± 2, N ∓ 2), in whih the
middle isobar has a greater rest mass than the extreme ones, and the extremes are the nulei
with the even Z and N . The usual beta-deay transferring a given nuleus into another via an
intermediate nuleus is energetially forbidden.
The double beta deay in nulei an proeed in different modes [16℄:
⊗The two neutrinos deay mode 2νββ
A(Z,N)→ A(Z + 2, N − 2) + 2e− + 2νe, (33)
whih is allowed by the Standard Model of partile physis. The total kineti energy of two
emitted eletrons present ontinuous spetra up to Emax.
⊗The neutrinoless mode 0νββ
A(Z,N)→ A(Z + 2, N − 2) + 2e−, (34)
whih requires violation of a lepton number. The total kineti energy of two emitted eletrons
is equal to Emax.
Two neutrinos in the mode 2νββ arry out almost all emitted energies. A fundamental
question is: Does the neutrinoless double beta deay exist or not (for the review of the history
see [16, 17℄)?. The emerged energies in the neutrinoless 0νββ mode are easily deteted for
pratial use but these are the rarest spontaneous nulear transitions (T ≈ 1018 − 1030 years).
Is it possible to enhane the deay rate?
Above and in [1, 2, 3℄ we have disussed the ooperative and resonane synhronization
enhanement mehanisms of LENR. Some of the low energy external fields an be used as
triggers for starting and enhaning of exothermi LENR. It is natural to expet that in the
ase of beta-deay (apture) the external eletron flux with high density, or the laser of high
intensity, or any suitable external fields should play this a role. Any external field shortening
distanes between protons in nulei and eletrons in atoms should enhane beta-deay (apture)
or double-beta deay (apture).
There are a great number of experiments in Japan, Italy, Russia, US, India, China,
Israel, and Canada in whih old transmutations and exess energy were measured (see
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http://www.lenr-anr.org). Indeed the existene of LENR is now well established but the pro-
posed about 150 theoretial models for interpretation of experimental data are not aepted
(A. Takahashi, ICCF12).
It is very popular to use Ni, Pd, Pt and W as eletrodes in the ondensed matter disharge
(breakdown, spark, ar, and explosion) experiments. Let us onsider the ase Pd eletrodes.
The differene of the rest mass of
m(110
46
Pd)−m(110
48
Cd) = 1.9989 MeV/c2;
therefore, the external field an open the hannel
110
46
Pd→110
48
Cd with Q = 1.9989 MeV. In the
ases Ni, Pt, and W we have
m(58
28
Ni)−m(58
26
Fe) = 1.92642MeV/c2,
m(186
74
W )−m(186
76
Os) = 0.47302MeV/c2,
m(198
78
Pt)−m(198
80
Hg) = 1.05285MeV/c2.
The proposed ooperative mehanism of LENR in these ases an be proved in an extremely
simple way: presene of enrihed isotopes of
58
26
Fe, 110
48
Cd, 186
76
Os, and 198
80
Hg for the indiated
above eletrodes.
The experimental data [18, 19, 20, 21, 22℄ seem to onfirmed suh expetations.
Therefore, expensive and time onsume double beta deay experiments an be performed
in extremely heap and short-time experiments by using suitable external fields. This new
diretion of researh an give answers for fundamental problems of modern physis (the lepton
number onservation, type of neutrino, neutrino mass spetrum,... ), it an open prodution of
new elements (utilization of radioative waste) and exess heat without of eologial problem.
A areful analysis of the double beta deay shows that the 2e− luster an be responsible for
the double beta deay. The differene between the rest mass
130
56
Ba and 130
52
Te, whih is equal
to 92.55 keV, indiates the possibilities to apture the 4e− luster by 130
56
Ba. It is a full analogy
with the Iwamura reations [23℄.
The lak of finanial support and the ignorane from the whole physial soiety of LENR
lead to the atastrophes. The mehanism of shortening the runaway of the reator at the
Chernobyl Nulear Power Plant and atastrophes indued by the HAARP (High Frequeny
Ative Auroral Researh Program) program is based on our postulated ooperative resonane
synhronization mehanism. The same mehanism should be responsible for the ITER (The
International Thermonulear Experimental Reator) explosion in future.
5 Conlusion
We proposed a new mehanism of LENR: ooperative proesses in whole system - nu-
lei+atoms+ondensed matter an our at smaller threshold energies then orresponding ones
on free onstituents. The ooperative proesses an be indued and enhaned by low energy
external fields. The exess heat is the emission of internal energy and transmutations at LENR
are the result of redistribution inner energy of whole system.
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